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(54) SEMICONDUCTOR DEVICE 

(57) In a semiconductor device wherein at least a 
GaN system semiconductor having n -conductivity type 
and a GaN system semiconductor having p-conductivity 
type are layered on a substrate, and electrodes are 
formed on both surfaces of the GaN system semicon- 
ductor layer having n -conductivity type and the GaN 
system semiconductor layer having p-conductivity type; 
and a first electrode including at least silver and a sec- 
ond electrode excluding sliver are fomned on the surface 
of the GaN system semiconductor layer having p-con- 
ductivity type, respectively, and the second electrode 
surrounds the periphery of the first electrode. In addi- 
tion, the first electrode has an opening at which the GaN 
system semiconductor layer having p-conductivlty type 
is exposed, Inside from the outline of the first electrode. 

According to such a structure, it is possible to real- 
ize the device having high luminous efficiency for usage 
and high reliability. 



Fig. 1 
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Description 

TECHNICAL FIELD 

5 [0001] The present Invention relates to a semiconductor device acting as a light emitting device or a light receiving 
device, on which a pair of positive and negative electrodes is formed, and particularly relates to a light emitting device 
composed of AlxlnyGai.x.yN (0 ^ x, 0 ^ y, x + y < 1 ). 

BACKGROUND ART 

10 

[0002] It is not too much to say that there is no time that we never see a light emitting device in our daily lives, such 
as a traffic light, a destination direction board at a station and an airport, a large size display disposed on the outer 
wall of a building, and further a backlight source in a cellular phone or the like. Thus, a light emitting device made of 
laminated semiconductors and a light receiving device to which the light emitting device Is applied are indispensable. 
^5 so that needs for improving properties required for these devices continue increasing. 

[0003] Particularly, a blue light emitting device has been developed behind the other three primary colors, namely, 
red, and green, and the blue light emitting device matching with the Improvement of the property and each purpose is 
the most desired. 

[0004] As such a blue light emitting device, a nitride semiconductor device including gallium (hereinafter, referred to 
20 as GaN system semiconductor device) is most used. As a structure of this GaN system semiconductor device, basically, 
a buffer layer composed of GaN on a sapphire substrate, a n-side contact layer composed of Si-doped GaN, an active 
layer containing an InGaN layer with a single quantum well structure or a multiple quantum well structure, a p-side 
cladding layer composed of Mg-doped AlGaN, and a p-side contact layer composed of Mg-doped GaN are stacked in 
this sequence, and further, on a surface of the n-side contact layer, on which a portion of the p-side cladding layer is 
25 etched to be exposed, an n-electrode composed of titanlun/aluminum is formed, and on a surface of the remaining p- 
side contact layer, a p-electrode composed of nickel/gold is formed. This shows very excellent properties with a light 
emitting wavelength of 450 nm at 5 mW and an outside quantum efficiency of 9.1 % at 20 mA. 

[0005] Fig. 12 is a perspective view for showing an example of a conventional GaN system semiconductor device, 
and Fig. 13 is a top plan view thereof. In a GaN system semiconductor device having the above-described structure, 

30 on a substrate 301 , an n-conductivity type semiconductor layer 302 including an n-side contact layer and an n-side 
cladding layer or the like, an active layer 303, and a p-conductlvity type semiconductor layer 304 including a p-slde 
cladding layer and a p-side contact layer or the like are layered in this sequence, and a p-electrode 306 is structured 
of laminating nickel/gold on a surface of the p-slde contact layer This p-electrode 306 is formed on nearly the entire 
surface of the p-slde contact layer. An n-electrode 307 Is disposed so as to be electrically connected to the n-conductlvlty 

35 type semiconductor layer 302. 

[0006] Unless a p-type impurity is doped, the GaN system semiconductor represents n-type. In order to realize the 
GaN system semiconductor device having a p-n junction, the GaN system semiconductor representing p-type is es- 
sential. 

[0007] For example, subsequently to growth of GaN that is doped with Mg, further, using a method such as annealing 
40 and irradiation of an electron ray or the like, it is possible to obtain a p-type GaN. However, as being obvious that GaN 
cannot be made into p-type easily unless the particular method is applied, the GaN system semiconductor tends to be 
hardly made into p-type, namely, the GaN system semiconductor representing p-type tends to have a higher electric 
resistivity as compared to the GaN system semiconductor representing n-type. In the case where the GaN system 
semiconductor layer has a high electric resistivity, an electric current applied to the light emitting device is hardly dls- 
45 tributed In the p-type semiconductor layer, so that the emitted light due to a carrier recombination Is biased with the 
light emission uneven on the surface. As a countermeasure thereof, the p-electrode Is fonned on the entire surface of 
the p-side contact layer so that the electric current can flow evenly on the entire surface of the p-type semiconductor 
layer, resulting in minimizing unevenness of the light emission. 

[0008] In addition, nickel/gold can have translucency at 200 angstrom and good ohmic contact with the p-type GaN 
50 semiconductor device representing p-type, so that it is preferably used as a p-electrode material. 

[0009] However, since gold has a nature of absorbing light having a wavelength shorter than about 550 nm, when 
gold is used as a p-etcctrode material, it may absorb the light emitted under the p-electrode. As a result, the light 
.emitted inside the device is not effectively emitted outside. 

55 DISCLOSURE OF THE INVENTION 

[0010] An object of the present invention is to provide a semiconductor device having high luminous efficiency for 
usage and high reliability.- 
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[0011] The present invention has the following constitutions: 

(1 ) A semiconductor device wherein at least a first conductivity type senniconductor layer and a second conductivity 
type semiconductor layer, the second conductivity type being different from the first conductivity type, are sequen- 

5 tially layered on a substrate, and an electrode is formed on asurfaceof the second conductivity type semiconductor 

layer; and 

a first electrode including at least silver and a second electrode excluding silver are formed on the surface 

of the second conductivity type semiconductor layer, respectively. 

(2) The semiconductor device described in (1), wherein the first electrode comprises a layer composed of silver, 
10 silver-nickel alloy, silver-palladium alloy, silver-rhodium alloy, or silver-platinum alloy. 

(3) The semiconductor device described in (1) or (2), wherein the second electrode is formed on the surface of 
the second conductivity type semiconductor layer so as to surround a periphery of the first electrode. 

(4) The semiconductor device described in any of (1 ) to (3), wherein an electric potential barrier at a contact portion 
between the first electrode and the second conductivity type semiconductor layer is smaller than an electric po- 

15 tential barrier at the contact portion between the second electrode and the second conductivity type semiconductor 

layer. 

(5) The semiconductor device described In any of (1) to (3), wherein an ohmic property at the contact portion 
between the first electrode and the second conductivity type semiconductor layer is more excellent than an ohmIc 
properly al the contact portion between the second electrode and the second conductivity type semiconductor layer. 

20 (6) The semiconductor device described in any of (1 ) to (5), wherein the first electrode contains at least one among 

rhodium, palladium, nickel, and platinum. 

(7) The semiconductor device described In any of (1) to (6), wherein the second electrode is set at an electric 
potential equal to or higher than that of the first electrode. 

(B) The semiconductor device described In (7), wherein the second electrode partially contacts with the first elec- 
ts trode on the surface of the second conductivity type semiconductor layer 

(9) The semiconductor device described in (8), wherein a pad electrode for leading out is formed so as to contact 
with both of the first and second electrodes. 

(10) The semiconductor device described in any of (1) to (9), wherein the surface of the second conductivity type 
semiconductor layer has an area in which no electrode is formed, between an area in which the first electrode is 

30 formed and an area in which the second electrode is fornied. 

(11) The semiconductor device described in (10), wherein the area in which no electrode is fomned is provided so 
that the shortest distance between the first electrode and the second electrode becomes not less than 0.5 \xrr\. 

(12) The semiconductor device described in any of (1) to (11), wherein the first electrode has an opening portion 
in the inside from the outline of the first electrode, and the second conductivity type semiconductor layer is exposed 

35 at the opening portion. 

(13) The semiconductor device described in any of (1) to (12), wherein the semiconductor device is a light emitting 
device, and in a light emitting area on the surface of the second conductivity type semiconductor layer, a light 
emission intensity at the periphery of the first electrode is stronger than that at the remaining light emitting area 
except for the periphery of the first electrode. 

40 (14) The semiconductor device described in (12) or (13), wherein, at the first electrode, US > 0.024 \im /\im^ Is 

established, where a gross area Sa of a plurality of opening portions at which the second conductivity type sem- 
iconductor layer is exposed, an area Sb of no-opening portion at which the second conductivity type semiconductor 
layer Is not exposed, and the sum S of Sa and Sb, and the sum L of the inner peripheries of all the opening portion. 

(1 5) The semiconductor device described in (14), wherein each opening portion has substantially the same form 
45 or substantially the same area. 

(1 6) The semiconductor device described in any of (1) to (15), wherein each of the semiconductor layer is formed 
of nitride semiconductor containing al least gallium. 

(17) The semiconductor device described in any of (1) to (16), wherein the first conductivity type semiconductor 
layer is exposed by partial etching of the second conductivity type semiconductor layer, and on the surface where 

50 the first conductivity type semiconductor layer is exposed, a third electrode is formed. 

(18) The semiconductor device described in any of (1) to (17), wherein the first conductivity type semiconductor 
layer is an n-type semiconductor layer, and the second conductivity type semiconductor layer is a p-type semicon- 
ductor layer. 

55 [0012] According to the present invention, by using silver as an electrode material, as compared to the conventional 
case of using gold, the light of a wavelength shorter than about 550 nm cannot be absorised, so that the luminous 

efficiency for usage may be improved. 

[0013] In addition, since silver has a low electric resistivity and indicates a good conductivity, even if the thickness 



3 



EP1 406 314 A1 

of the film of the electrode is made thinner, the electric resistivity can be prevented from increasing. Therefore, a degree 
of freedom in the design of the film thickness of the electrode is enhanced. For example, forming the thick electrode 
may allow the light reflexivity of the electrode to Increase, or forming the thin electrode may allow the light transmittancy 
of the electrode to increase. 

5 [0014] However, silver is known as a material in which the electro-migration easily occurs. In case.the semiconductor 
device that silver is used for either the p-electrode material or the n-electrode material is turned on electricity, silver 
existing In one electrode may move toward another electrode along the side face of the device, resulting In a short 
circuit due to precipitation of silver 

[0015] Therefore, not only a first electrode Including silver but also a second electrode excluding silver are formed 
10 on the surface where one electrode is to be formed thereon , thereby preventing the short circuit because of the existence 
of the second electrode even if the electro-migration of silver may occur. Thus the semiconductor device with high 
reliability can be obtained. 

[001 6] Furthermore, since the first electrode has an opening portion in the inside from the outline of the first electrode 
and the second conductivity type semiconductor layer is exposed at the opening portion, the device with a lowered Vf 
IS (forward drive voltage) can be obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] 

20 

Fig. 1 is a perspective view of a semiconductor device according to one embodiment of the present invention. 
Fig. 2 is a top plan view of the semiconductor device according to one embodiment of the present invention. 
Fig. 3 is a top plan view of the semiconductor device according to another embodiment of the present Invention. 
Fig. 4 is a top plan view of the semiconductor device according to yet another embodiment of the present Invention. 
25 Fig. 5 is atop plan view of the semiconductor device according to still anotherembodlment of the present Invention. 

Fig. 6 Is a top plan view of the semiconductor devic© according to still another embodiment of the present invention. 
Fig. 7 is atop plan view of the semiconductor device according to still another embodiment of the present invention. 
Fig. 8A is a plan view for showing still another embodiment of the present invention, and Fig. 8B Is a cross sectional 
view theref . 

30 Fig. 9A and Fig. 98 are plan views for showing the other embodiments, respectively. 

Fig. 1 0 is a graph for showing electric power conversion efficiency when an Inner periphery length of the opening 
5 is changed while the open area ratio is the same. 

Fig. 11A is a partial cross sectional view for showing a case that an electrode end face angle 6 is 9^, and Fig. 
11 B Is a partial cross sectional view for showing a case that the electrode end face angle G is less than 90°. 
35 Fig. 12 Is a perspective view of a conventional semiconductor device (comparative example). 

Fig. 13 is a top plan view of the conventional semiconductor device (comparative example). 

BEST MODE FOR CARRYING OUT THE INVENTION 

40 [0018] Next, the embodiments according to the present invention will be described in detail. 

[0019] According to the present invention, the first electrode formed on the second conductivity type semiconductor 
layer may contain at least silver, in the form of a single layer of silver, or layers of silver and the other metal sequentially 
stacked, or an alloyed layer of silver and the other metal stacked and annealed. As the alloyed layer, for example, an 
alloyed metal, in which silver (Ag) is added with 1 to 30% of nickel (Ni), palladium (Pd), rhodium (Rh), or platinum (Ft) 

45 or the like may be used. Ni and Pd are preferable since they can easily obtain ohmic contact with GaN system semi- 
conductor such as the p-type GaN or the like, more preferably, Ni may be used. 

[0020] In addition, as a metal used for the first electrode, Co, Fe, Ti, Cu, Rh, Au, Ru, W, Mo, Ta and Pt or the like 

may be used in addition to Ag, Ni and Pd, and preferably excluding a material that may absorb much light. 

[0021 ] With respect to the film thickness of the electrode, when the first electrode is formed thick, the light generated 

50 within the device is reflected on the first electrode and the light can be effectively returned to the laminated side of the 
semiconductor, so that the light emission efficiency from the side face of the device is improved. When the first electrode 
is formed thin, on the contrary, the first electrode Is likely to have the light transmittancy. Therefore, in one case of the 
light emitting device, the light generated within the device is effectively emitted to the outside, and in another case of 
the light receiving device, the light arriving from the outside is effectively entered within the device. 

55 [0022] Since silver has a lower electric resistivity of 1 . 59 x 10*® (Qcm), as compared to the other metal materials, 
even If the first electrode is formed with a thin thickness, the electric resistivity of the first electrode does not increase 
abruptly so that it is easy to treat in spite of a thin film. 

[0023] The following table 1 shows (forward drive voltage), a light output and its relative value of a semiconductor 
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light emitting device, when the material of the first electrode is altered. Incidentally, each measured value is an average 
value of each measurement of ten devices. 



(Table 1) 



Electrode material 


V, (volt) 


Light output (mW) 


Light output relative value 


Cu 


4.70 


8.84 


1.078 


Pd 


4.77 


8.69 


1.059 


Ag 


4.37 


14.27 


1.740 


Ni/Au 


3.68 


8.20 


1.000 



[0024] From this result, it can be found that in the case that the first electrode is made of silver, it is possible to lower 

than Cu and Pd, and the light output is remarkably increased more than Ni/Au. 
[0025] On the second conductivity type semiconductor layer, the second electrode excluding silver is formed. As a 
material for the second electrode, a metal that the electro-migration hardly occurs may be used, In the form of a single 
layer, or layers of a plurality of metal stacked, or an alloyed layer of a plurality of metal stacked and annealed. The 
second electrode may contain a material which absorbs the light much, such as gold or the like. However, a semicon- 
ductor device with less light absorption on the entire surface of the second conductivity type semiconductor layer can 
be realized by excluding such a material. 

2^ [0026] With respect to the film thickness of the electrode, similarly to the first electrode, when the second electrode 
Is formed thick, the light can be more effectively returned to the laminated side of the semiconductor, so that the light 
emission efficiency from the side face of the device is improved. When the second electrode is formed thin, on the 
contrary, the first electrode is likely to have the light Iransmillancy. In one case of the light emitting device, Ihe light 
generated within the device is effectively emitted to the outside, and in another case of the light receiving device, the 

25 light arriving from the outside is effectively entered within the device. 

[0027] Furthermore, according to the present invention, the second electrode is preferably formed so as to surround 
the circumference of the first electrode. Forming such a second electrode can block the movement of a silver atom 
due to the electro-migration or the like when the device is electrically energized. In the other words, when the silver 
atom residing in the first electrode intends to move from the first electrode through the side face of the device to the 
other electrode (for example, the third electrode described later) fonned on the first conductivity type semiconductor 
layer or the substrate, the movement of the silver atom can be blocked due to the existence of the second electrode, 
thereby preventing the short circuit of the device and the lowering of the insulation resistance caused by re-precipitation 
of silver. 

[0028] In addition, according to the present invention, an electric potential barrier at a contact portion between the 
^5 first electrode and the second conductivity type semiconductor layer is preferably smaller than an electric potential 
barrier at a contact portion between the second electrode and the second conductivity type semiconductor layer. There- 
by, when the semiconductor device is electrically energized, an electric current is more likely to flow from the first 
electrode to the second conductivity type semiconductor layer rather than from the second electrode. For example, in 
the case of the light emitting device, the emitted light caused by an injected carrier from the first electrode is 'more 
intensified so that the luminous efficiency for usage is improved. On the contrary, if the electric potential barrier at the 
contact portion of the second electrode and the second conductivity type semiconductor layer is smaller, the electric 
current is likely to flow to the second electrode for preventing the electro-migration so that the luminous efficiency is 
lowered. 

[0029] Moreover, according to the present invention, an ohmic property at the contact portion between the first elec- 
trode and the second conductivity type semiconductor layer is preferably better than an ohmic property at the contact 
portion between the second electrode arid the second conductivity type semiconductor layer. Thereby, when the sem- 
iconductor device is electrically energized, an electric current is more likely to flow from the first electrode to the second 
conductivity type semiconductor layer rather than from the second electrode. For example, in the case of the light 
emitting device, the emitted light caused by an injected carrier from the first electrode is more intensified so that the 

5^ luminous efficiency for usage is Improved. On the contrary, if the electric potential barrier at the contact portion of the 
second electrode and the second conductivity type semiconductor layer is smaller, the electric current is likely to flow 
to the second electrode for preventing the electro-migration so that the luminous efficiency is lowered. 
[0030] In addition, according to the present invention, the first electrode preferably contains at least one among 
rhodium (Rh), palladium (Pd). nickel (Ni), and platinum (Pt). Thereby, the first electrode becomes thermally stable, its 

55 light absorption becomes small, and the ohmic contact with the GaN system semiconductor may be easily obtained. 
[0031] Additionally, according to the present invention, the second electrode Is preferably set at an electric potential 
equal to or higher than that of the first electrode. Thereby, there is no difference in electric potential between the first 
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electrode and the second electrode, or alternatively an electric potential gradient going down from the second electrode 
to the first electrode may occur. As a result, the movement of the silver atom residing in the first electrode may be 
restrained so that the occurrence of the electro-migration can be prevented. 

[0032] In addition, according to the present invention, the second electrode preferably partially contacts with the first 
electrode on the surface of the second conductivity type semiconductor layer. Since a portion of the second electrode 
is formed so as to contact with the first electrode, it is possible to easily maintain both the first electrode and the second 
electrode at the same electric potential to restrain the occurrence of the electro-migration. In one aspect where a portion 
of the second electrode contacts with the first electrode, the second electrode and the first electrode are enough to 
make conduction each other for example, the second electrode with a width of a few nanometers may be so formed 
with being elongated in the fonri of bar toward and in contact with the first electrode. Alternatively, the first electrode 
may be so formed with being elongated in the form of bar toward and in contact with the second electrode. Further, 
the other conductive material different from the first electrode and the second electrode may be formed In contact with 
both of the first electrode and the second electrode. The smaller area of such a conducttion portion is, the larger a light 
extracting surface can be. Thus, assuming that a portion at which the second electrode and the first electrode are 
conducted is defined as a conduction portion, the area of this conduction portion is preferably smaller. More preferably, 
the conduction portion is formed with a width shorter than the shortest distance between the first electrode and the 
second electrode over an area in which no electrode is fonned. 

[0033] In addition, the conduction portion between the second electrode and the first electrode may be formed so 
that the second electrode overlays Ihe first electrode, or Ihe second electrode overlays the first electrode. 
[0034] Additionally, in another aspect that a portion of the second electrode contacts with the first electrode, the 
conduction portion as described above may not be formed intentionally, and by applying a voltage between the first 
electrode containing silver and the second electrode to generate the electro-migration of silver, short-circuit and con- 
duction may be made between the first electrode and the second electrode, resulting in the both electrodes at the same 
electric potential. Granted that the conduction portion due to the electro-migration is broken off later, the electro-mi- 
gration may occur subsequently in anotherplace so that the conduction may be maintained continuously, and practically 
the electric potential of the first electrode becomes the same as that of the second electrode. 

[0035] In addition, according to the present Invention, it is preferable that a pad electrode for leading out is formed 
so as to contact with both of the first and second electrodes. In the case that the pad electrode such as a bonding pad 
or the like is formed on a surface of the second conductivity type semiconductor layer, the bonding pad may be formed 
so as to contact with any one portion of the first electrode or the second electrode, that is, the bonding pad may be 
formed only on the first electrode or only on the second electrode/alternatively it may be formed as being elongated 
from the first electrode or the second electrode to be bonded with the wire or the like at a position apart from the first 
and second electrodes. The pad electrode may be preferably disposed on the first and second electrodes so as to 
bridge across a portion of each of the first and second electrodes. Bridging across a portion of each of the first and 
second electrodes allows the first and second electrodes to be set at the same electric potential, 
[0036] Incidentally, since the bonding pad is an electrode to be mounted with the wire or the like, a certain degree 
of film thickness thereof is required in order to cause no damage to the semiconductor device during mounting, so that 
the bonding pad is formed thicker than the first and the second electrodes. Here, in case of the light emitting device 
where the light is extracted from the side of the second conductivity type semiconductor layer, since the light is not 
emitted outside from the bonding pad portion, the bonding pad is required to be formed as small as possible when the 
bonding pad bridges across the first and second electrodes. 

[0037] In the semiconductor device according to the present invention, a film having an electrical insulation such as 
Si02.. SiN or the like may be formed continuously over the exposed portions of the second and the first conductivity 
type semiconductor layers and the side face of the device having stacked semiconductor layers. Forming the film 
having the electrical insulation allows the device to be protected with high reliability. Particularly, the film having the 
electrical insulation is preferably disposed on a portion in which no electrode Is formed, thereby restraining the occur- 
rence of the electro-migration of silver in the first electrode. 

[0038] Furthermore, with a view to protect the device, it is preferable that the electrical insulation film such as SiOg 
and SiN or the like is formed on the first electrode containing silver and the second electrode. In this case, when oxide 
of silver is generated due to rising of temperature of the device, the light reflection characteristic of the first electrode 
tends to be lowered. Thus, the electric insulation film is preferably made of a material excluding oxygen, for example, 
SiN. 

[0039] Additionally, in the case of forming a pad electrode such as a bonding pad or the like, disposing a film having 
an electrical insulation between the bonding pad and the second conductivity type semiconductor layer allows a step 
between the first and second electrodes and the no-electrode formed portion to become smaller. This is preferable 
because the bonding pad to be fonned thereon has a flat face to be easily mounted. 

[0040] In addition, according to the present invention, it is preferable that the surface of the second conductivity type 
semiconductor layer has an area in which no electrode is formed, between an area in which the first electrode is formed 
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and an area in which the second electrode is fornned. This no-electrode formed portion is preferably disposed so that 
the shortest distance between the first electrode and the second electrode becomes 0.6 ^.m or more. 
[0041] The first electrode Is made of a materia! including at least silver, however, silver has a nature to easily reflect 
a light of a wavelength of about 340 nm or longer. For example, in the case of the light emitting device having a peak 

5 of the light emission at 340 nm or longer the light emitted under the first electrode Is reflected so that the light from 
the side of the second conductivity type semiconductor layer is not efficiently emitted to the outside. Therefore, dis- 
posing the no-electrode fomned portion between the first and second electrodes allows the light to be effectively emitted 
to the outside. When the no electrode formed area is disposed in this way, the emitted light is repeatedly reflected 
between the first electrode and one surface (when mounted on a stem, this means the mounted face) on which the 

10 electrode of the light emitting device is not formed, finally most of the light can be emitted from the no electrode formed 
area. Further, by disposing the no electrode formed area, there is no limitation In selection of the metal material to be 
used for the second electrode, so that, even if the material to easily absorb the emitted light is used, the light emitting 
device having high efficiency for extracting the light can be obtained. 

[0042] In addition, according to the present invention, it is preferable that the first electrode has an opening portion 
15 in the Inside from the outline of the first electrode, and the second conductivity type semiconductor layer is exposed 
at the opening portion. By disposing such an opening portion, for example, in the case of the light emitting device 
having a peak of light emission at 340 nm or longer, the light emitted under the first electrode Is reflected on the first 
electrode formed portion, while the light Is emitted outside through the opening portion. Further, the emitted light is 
repeatedly reflected between the first electrode and one surface (when mounted on a stem, this means the mounted 
20 face) on which the electrode of the light emitting device is not formed, finally most of the light can be emitted through 
the opening portion, resulting in high efficiency for extracting the light. 

[0043] In addition, according to the present invention, it is preferable that the semiconductor device is the light emitting 
device, and in a light emitting area on the surface of the second conductivity type semiconductor layer, a light emission 
intensity at the periphery of tho first electrode is stronger than that at the remaining light emitting aroa except for the 

25 periphery of the first electrode. Incidentally, the periphery of the first electrode corresponds to the outline modeling the 
first electrode, and in the case of fomning the opening, the outline of this opening is also included in the periphery. The 
periphery of the first electrode including the outline of the opening can generate strong emission of light. It is considered 
that this is because a high electric field is generated locally at the periphery of the first electrode so that the largest 
electric current flows at the periphery of the electrode. Therefore, when the open area ratio of the opening portion with 

30 respect to the first electrode Is constant, the longer a distance of the periphery of the first electrode is fomned, the more 
the portions for emitting the strong light becomes, further Vf preferably tends to be lowered. Specifically, in the case 
of disposing a plurality of circle openings subsequently to the formation of the first electrode, the smaller a diameter 
of the circle Is made and the more the number of circles as the opening are fonned, the lower Vf comes to be. 
[0044] In addition, according to the present invention, it is preferable that at the first electrode, US > 0.024 ^im /jim^ 

35 is established, where a gross area Sa of a plurality of opening portions at which the second conductivity type semi- 
conductor layer is exposed, an area Sb of no-opening portion at which the second conductivity type semiconductor 
layer is not exposed, and the sum S of Sa and Sb, and the sum L of the inner peripheries of all the opening portion. 
Thus, in the light emitting area on the surface of the second conductivity type semiconductor layer, the efficiency for 
extacting the light is enhanced so that the semiconductor device having a low Vf may be obtained. 

40 [0045] In addition, according to the present invention, it is preferable that each opening portion has substantially the 
same form or substantially the same area. Thus, it becomes easy to form the opening portion, the light distribution 
within the face becomes even, and the efficiency for extracting the light is enhanced. 

[0046] Fig. 15 is a graph for showing electric power conversion efficiency when an inner periphery length of the 
opening 5 is changed while the open area ratio is the same, namely, the gross area of the opening 5 is the same. Since 
45 the gross area of the opening 5 is the same, the contact area between the first electrode 1 and the semiconductor 
layer 104 having the p-conductlvity Is the same, so that It may be considered that Vf and the quantum efficiency are 
the same. However, when the inner periphery length is changed, the electric power conversion efficiency is changed 
as the graph of Fig. 15. 

[0047] From this graph, it can be found that, even if the open area ratio is the same, by changing the inner periphery 
50 length of the opening portion, it is possible to further obtain the higher output. Further, according to the present invention, 
within the range fulfilling US > 0.024 .um /um^, the light emitting device of the higher output can be obtained. If US is 
smaller than 0.024 um /um^, it is not preferable because the effect of disposing the opening 5 is lowered. Further, 
although the upper limit of L7S is not defined particularly, if L7S is larger than 1 am /umS in substance, the size of each 
of the openings 5 becomes too small and impractical. 
55 [0048] As described above, the output efficiency from the side of the semiconductor layer 1 04 having the p-conduc- 
tlvity largely depends on the inner periphery length of the opening 5 rather on the gross area thereof, because the 
particularly strong emitted light is observed at a boundary between the electrode and the semiconductor layer 104. 
Therefore, by forming more boundaries, namely, making the inner periphery length longer, it is possible to emit the 
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light effectively. In order to form more boundaries, by disposing not only the opening, but also the most outer periphery 
of the first electrode 1 not in a linear line but in an anfractuous continuous line along the end portion of the semiconductor 
layer 1 04, it Is possible to forni more boundaries between the first electrode 1 and the semiconductor layer 1 04, therby 
enhancing the output. 

5 [0049] By forming plural openings described above in the approximately same shapes, it becomes easy to effectively 
form a plurality of openings. Further, the distribution within the face is easily unifomned, so thatthe equable light emission 
can be obtained. As a shape, various shapes such as a square, a circle, and a triangle or the like can be employed. 
The opening Is preferably formed in a square, and by forming a plurality of openings so that they are dispersed evenly 
at a predetermined distance spaced from the adjoining opening, it becomes easy to obtain the unifonn light emission. 

10 In addition, by fomning the area of each opening substantially the same, it is possible.to select a preferable shape 
depending on the formed position of the opening. 

[0050] A cross section of the periphery portion of the first electrode Including the outline of the opening is preferably 
formed in a mesa shape that the end face of the electrode is inclined upward rather than a rectangular cross section 
with the end face of the electrode vertical. Thereby, the intensity of the light emission at the periphery portion of the 

15 electrode becomes higher, so that the efficiency for extracting the light is entirely Improved. 

[0051] Fig. 11 A is a partial cross sectional view for showing a case that the electrode end face angle e is QC, and 
Fig. 11 B is a partial cross sectional view for showing a case that the electrode end face angle e is less than 90°. If the 
electrode end face is vertical against a surface of the semiconductor layer the tight emitted from the periphery portion 
of the electrode is deflected laterally rather than upwardly from the device. On the other hand, if the electrode end face 

20 is inclined against the surface of the semiconductor layer, the light emitted from the periphery portion of the electrode 
is more distributed in the upward direction of the device. As a result, the intensity of the light emission at the periphery 
portion of the electrode becomes higher so that the efficiency for extracting the light is entirely enhanced. 
[0052] The end face angle e of the electrode with respect to the surface of the semiconductor layer is preferably in 
the range of 30** < 0 < 90°. When the angle G becomes less than 30°, the electric resistance at the slope portion of the 

25 electrode Is higher and the intensity of the light emission at the edge portion Is lowered. Therefore, the angle 0 Is 
preferably 30° and above. 

[0053] The semiconductor device according to the present invention brings about a noticeable effect in a nitride 
semiconductor containing gallium. The nitride semiconductor including gallium (GaN system semiconductor) means 
the semiconductor made of AljjlnyGa^.^.yN (0 < x, 0 < y, x + y < 1 ). which also Includes a nitride semiconductorcontaining 

30 gallium that constitutes a portion of the semiconductor device. In other words, even the nitride semiconductor layer 
other than Al^lnyGai.^.yN (0 < x, 0 < y, x -i- y < 1) which contains boron or phosphor is also included in this. Particularly, 
in the case that the GaN system semiconductor is not doped with impurities (i.e. undoped), the conductivity type rep- 
resents n-type. by doping with the impurities as a p-type such as Mg or the like, it comes to represent p-type. However, 
the electric resistivity of the p-type GaN semiconductor is difficult to become lower, that is, the electric resistivity is 

35 higher than the n-type GaN system semiconductor Therefore, since the electric current flowing through the GaN system 
semiconductor is hard to expand in the p-type semiconductor layer a p-electrode is formed on the whole surface of a 
p-side contact layer so as to allow the electric current to evenly flow on the entire p-type semiconductor layer Accord- 
ingly, the structure of the present invention wherein the first electrode including silver and the second electrode ex- 
cluding silver are provided on the surface of the semiconductor layer, and various features are elaborated on each 

40 electrode, may represent a noticeable effect particularly in the GaN system semiconductor 

[0054] In this case, the second conductivity type semiconductor layer on which the first and second electrodes are 
formed is preferably a p-conductivity type of nitride semiconductor containing gallium (GaN system semiconductor), 
more preferably Mg-doped Al^^Ga^.^N (0<m < 1), most preferably Mg-doped GaN. Al^Ga^.^N (0 <m < 1) doped with 
Mg is formed with relatively better crystalline among GaN system semiconductors. A surface of AI^Ga-i.^^N (0 < m < 

45 1) doped with Mg becomes a flat and smooth face so that electrodes with a complicated structure, such as the first 
and second electrodes and further the pad electrode according to the present Invention, can be formed with high 
reliability. Specifically, GaN (in case of m=0) doped with Mg is easily formed with a lower electric resistivity among the 
GaN system semiconductors representing p-type, thereby easily obtaining the ohmic contact with electrodes. 
[0055] In addition, according to the present invention, it is preferable that the first conductivity type semiconductor 

50 layer Is exposed by partial etching of the second conductivity type semiconductor layer, and on the surface where the 
first conductivity type semiconductor layer is exposed, a third electrode is formed. 

[0056] The semiconductor device according to the present invention has two principal faces. Assuming that a surface 
of the second conductivity type semiconductor layer is defined as a first principal face and another face on the side of 
a substrate is defined as a second principal face, the first and second electrodes may be formed on the first principal 
55 face and the third electrode. may be formed on the second principal face. When using the substrate having the electrical 
conductivity, such as an SiC substrate or the like, an electrode for a first conductivity type can be formed on the sub- 
strate. However, an electrode (hereinafter occasionally referred to as the third electrode) to be formed on the surface 
of the first conductivity type semiconductor layer in the semiconductor device according to the present invention may 
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be formed on the surface of the first conductivity type semiconductor layer where a portion of the second conductivity 
type semiconductor layer is etched and exposed. For example, for the nitride semiconductor containing gallium (GaN 
system semiconductor), the GaN system semiconductor can preferably grow on a substrate having the electrical In- 
sulation, such as a sapphire substrate or the like. The semiconductor device In which the first conductivity type semi- 

5 conductor layer and the second conductivity type semiconductor layer are layered sequentially on the substrate having 
the electrical insulation, is hard to have an electrode on the side of the sapphire substrate. Therefore, the third electrode 
to be formed on the first conductivity type semiconductor layer Is required to be formed by etching a portion of the 
surface of the second conductivity type semiconductor layer and exposing the first conductivity type semiconductor 
layer, beacuse the counter electrode cannot be formed on the bottom surface. In such a semiconductor device where 

10 the counter electrode cannot be fonned on the bottom surface, particularly, when the first electrode containing silver 
is used, silver easily causes the electro-migration from the first electrode toward the third electrode. In this case, the 
structure of the present Invention Is employed so that the effect of the present invention Is noticeably exerted. Here, 
the third electrode may be a material capable of obtaining the good ohmic contact with the first conductivity type sem- 
iconductor layer. 

IS [0057] In the semiconductor according to the present invention, the first conductivity type semiconductor layer is 
preferably an n-type semiconductor layer, and the second conductivity type semiconductor layer Is preferably a p-type 
semiconductor layer As described above, in the case that the GaN system semiconductor Is not doped with impurities 
(i.e. undoped), the conductivity type represents n-type, and by doping with the impurities as a p-type such as Mg or 
the like, it comes to represent p-type. However, by only doping with Mg lo grow the GaN semiconductor, the GaN 

20 system semiconductor representing the good p-type conductivity cannot be obtained. Therefore, annealing process, 
e.g., at 600"C, is required after stacking an n-type the semiconductor layer and a semiconductor layer doped with Mg 
on the substrate, so that Mg is electrically activated to obtain a p-type GaN system semiconductor with the low electric 
resistivity. It is considered at one standpoint that hydrogen residing in the p-type semiconductor layer may be removed 
by annealing to make the electric resistivity lowered. In such a case of making the electric resistivity lowered by an- 

25 nealing, hydrogen is effectively removed by locating a layer of which electric resistivity Is lowered at the furthest side 
from the substrate. Therefore, the most preferable configuration is such that the first conductivity type semiconductor 
layer is n-type and the second conductivity type semiconductor layer is p-type. 

[0058] The present invention is described with respect to the semiconductor light emitting device in which the GaN 
system semiconductors are layered, however, It is not limited to the light emitting device and the GaN system seml- 
30 conductor, as long as the semiconductor device satisfies the conditions described above. 

[0059] In the present invention, it is defined that the first conductivity type semiconductor layer may have one or 
more layers of the first conductivity type semiconductor and the second conductivity type semiconductor layer may 
have one or more layers of the second conductivity type semiconductor, 
[0060] The specific constitutions according to the present invention will be described below. 

35 

[Embodiment 1] 

[0061] The present embodiment is structured In such a manner, that on a substrate 101 such as sapphire layered 

are an n -conductivity type nitride semiconductor layer 102 (an n-conductivity type semiconductor layer), an active layer 
40 103, and a p-conductivity type nitride semiconductor layer 1 04 (a p-conductivity type semiconductor layer). As shown 
In Fig. 1 (a perspective view) and Fig. 2 (a top plan view), at a predetermined area in this semiconductor device, the 
p-conductlvity type nitride semiconductor layer 1 04, the active layer 1 03, and a portion of the n-conductlvity type nitride 
semiconductor layer 1 02 are removed and a surface on which an electrode Is fonned on the n-conductivity type nitride 
semiconductor layer 102 is exposed. 
45 [0062] Further resist films are applied correspondingly to the outline of the the surface on the p-conductivity type 
nitride semiconductor layer 104 and onto the whole exposed surface of the n-conductivity type nitride semiconductor 
layer 102, and followed by spattering a first electrode 1 containing silver is formed on the whole area, and followed by 
removing the resist films the first electrode 1 is fonned. Next a resist film is applied along the outside ol the outline of 
the first electrode 1 so that a second electrode is formed along the inside of the outline of the surface of the p-conductivity 
50 type nitride semiconductor layer 104, and the second electrode 2 excluding silver is fonned on the whole area, and 
followed by removing the resist film the second electrode 2 is formed. 

[0063] Next, by applying a resist film and spattering process an n-side electrode 3 (an electrode at the side of the 
n-conductivity type) configured of W/AI/W/Pt/Au is formed on the exposed surface of the n-conductivity type nitride 
semiconductor layer 102. 

55 [0064] In this light emitting device, a positive electrode was connected to the first electrode 1 and the second electrode 
2, and a negative electrode was connected to the n-side electrode 3 and the voltage was applied to emit the light. 
Then, with comparison to the light emitting device shown In a comparative example 1 described later, 150% improve- 
ment in the efficiency for extracting the light was observed. 
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[Comparative example 1 ] 

[0065] The present comparative Is structured In such a manner that on a sapphire substrate 301 layered are an n- 
conductivity type nitride semiconductor layer 302 (an n-conductivity type semiconductor layer), an active layer 303, 

s and a p-conductivlty type nitride semiconductor layer 304 (a p-conductivity type semiconductor layer). As shown in 
Fig. 12, at a predetermined area in this semiconductor device, the p-conductivity type nitride semiconductor layer 304, 
the active layer 303, and a portion of the n-conductivity type nitride semiconductor layer 302 are removed and a surface 
on which an electrode Is formed on the n-conductivity type nitride semiconductor layer 302 is exposed. 
[0066] Next, by applying a resist film and a spattering process a p-side electrode 306 (an electrode at the side of the 

10 second conductivity type) configured of Ni/Au is formed on the approximately whole area of the surface of the p- 
conductivity type nitride semiconductor layer 304 In this nitride semiconductor device and and an n-slde electrode 307 
(an electrode at the side of the n-conductivlty type) configured of Ti/AI on the exposed surface of the n-conductlvity 
type nitride semiconductor layer 302. 

[0067] In this light emitting device, a positive electrode was connected to the p-side electrode 306, and a negative 
15 electrode was connected to the n-slde electrode 307 and the voltage was applied to emit the light. The efficiency for 
extravting the light In this case was defined as a reference value of 100%. 

[Embodiment 2] 

20 [0068] The present embodiment is structured in such a manner that on the substrate 1 01 such as sapphire layered 
are the n-conductlvlty type nitride semiconductor layer 102 (an n-conductivity type semiconductor layer), the active 
layer 103, and the p-conductivity type nitride semiconductor layer 104 (a p-conductivlty type semiconductor layer). As 
shown in Fig. 3, at a predetermined area in this semiconductor device, the p-conductivity type nitride semiconductor 
layer 104, the active layer 103, and a portion of the n-conductivity type nitride semiconductor layer 1 02 aro removed 

25 and a surface on which an electrode Is fonned on the n-conductivity type nitride semiconductor layer 1 02 Is exposed. 
[0069] Next, resist films are applied both onto the the surface other than a second electrode formed portion on the 
p-conductivity type nitride semiconductor layer 1 04 and onto the whole surface of the n-conductivity type nitride sem- 
iconductor layer 102, and followed by spattering a second electrode 2 is formed, and followed by removing the resist 
films the second electrode 2 is formed. In this case, the second electrode 2 is shaped correspondingly to the outline 

30 of the surface of the p-conductivity type nitride semiconductor layer 104 and further a portion thereof with a width of 
0.3 M^m and a length of 0.8 |im which is extended toward the inside of the surface of the p-conductivlty type nitride 
semiconductor layer is formed to provide a conduction portion 2a in contact with the first electrode 1 . 
[0070] Next, the first electrode 1 is disposed on the surface of the p-conductivity type nitride semiconductor layer 
1 04 within.the second electrode 2. In this case, at first, resist films are applied both onto the the surface other than the 

35 first second electrode fomied portion on the p-conductivity type nitride semiconductor layer 104 and onto the whole 
surface of the n-conductivity type nitride semiconductor layer 102, and followed by spattering the first electrode 1 made 
of silver is formed, and followed by removing the resist film the first electrode 1 Is formed. In this case, the first electrode 
1 is formed so that a portion thereof (for example, width of 0.3 |im, length of 0.3 ^.m) may overlap partially a front end 
of the conduction portion 2a of the second electrode 2 (width of 0.3 ^.m, length of 0.8 p.m). 

40 [0071] Next, by applying a resist film and spattering process an n-side electrode 3 (an electrode at the side of the 
n-conductivity type) configured of W/AI/W/Pt/Au is fonned on the exposed surface of the n-conductivity type nitride 
semiconductor layer 1 02. 

[0072] In this light emitting device, a positive electrode was connected to the first electrode 1 and the second electrode 

2, and a negative electrode was connected to the n-side electrode 3 and the voltage was applied to emit the light. 
45 Then, the efficiency tor extracting the light was approximately the same as Embodiment 1 and the irregularities in the 
light emission were hardly observed. 

[Embodiment 3] 

50 [0073] In the light emitting device according to Embodiment 1 , as shown in Fig. 4, a portion of the first electrode 1 , 
with a width of 0.3 .um and a length of 0.8 jim which is extended toward the outside of the surface of the p-conductivity 
type nitride semiconductor layer, is fonned between the first electrode 1 and the second electrode 2 to provide a 
conduction portion 1 a in contact with the second electrode 2. In this case, the conduction portion 1 a of thef irst electrode 
1 is formed so that a portion thereof (for example, width of 0.3 }im, length of 0.3 p.m) may overlap the upper part of the 

55 second electrode 2. In this light emitting device, a positive electrode was connected to the first electrode 1 and the 
second electrode 2, and a negative electrode was connected to the n-side electrode 3 and the voltage was applied to 
emit the light. Then, the efficiency for extracting the light was approximately the same as Embodiment 1 and the irreg- 
ularities in the light emission were hardly observed. 
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[Embodiment 4] 

[0074] In the light emitting device according to Embodiment 1 , as shown in Fig. 5, In view of the layering direction 
of the light emitting device, a p-side pad electrode 4 made of gold Is formed at a corner opposite to the n-slde electrode 

5 3 on the common diagonal tine. This p-side pad electrode 4 Is bridged across the first electrode 1 and a portion of the 
second electrode 2. In other words, the p-side pad electrode 4 partially contacts with the p-conductivity type nitride 
semiconductor layer and the first electrode 1 and the second electrode 2, respectively. In this light emitting device, a 
positive electrode was connected to the first electrode 1 and the second electrode 2, and a negative electrode, was 
connected to the n-side electrode 3 and the voltage was applied to emit the light. Then, the light emitting device having 

10 the efficiency for extracting the light lower than, that of Embodiment 1 but higher than that of Comparative example 1 
was obtained. 

[Embodiment 5] 

IS [0075] In the light emitting device according to Embodiment 1, as shown in Fig. 6, a plurality of circle openings 5 
with a diameter of 20 fim is provided within the first electrode 1 containing silver by etching so as to expose the sem- 
iconductor layer having the p-type conductivity, with the open area ratio of 50% over the opening area with respect to 
the first electrode 1 . Then the voltage was applied to emit the light. The light emitting device having approximately the 
same efficiency for extracting the light as that of Embodiment 1 and having smaller Vj as compared to Embodiment 1 

20 was obtained. 

[Embodiment 6] 

[0076] In the light emitting device according to Embodiment 1 , as shown in Fig. 7, a plurality of circle openings 5 
25 with a diameter of 10 ^m is provided within the first electrode 1 containing silver by etching so as to expose the sem- 
iconductor layer having the p-type conductivity, with the open area ratio of 50% over the opening area with respect to 
the first electrode 1 . Then the voltage was applied to emit the light. The light emitting device having approximately the 
same efficiency for fetching out the light as that of Embodiment 1 and having Vj smaller than that of Embodiment 5 
was obtained. Thus, in the case of disposing the opening 5, an effect of lowering Vj caused by making the opening 
30 area smaller and disposing a plurality of the openings 5 was observed. 

[Embodiment 7] 

[0077] In the light emitting device according to Embodiment 1, as shown in Figs. BA to SB^ on the semiconductor 
35 layer 104 having the p-type conductivity, fomied are the first electrode 1 including silver and the second electrode 2 
excluding silver, so that the second electrode 2 surrounds the outside of the first electrode 1 . The first electrode 1 is 
covered with an electric insulation protection film such as Si02 or SiN. 

[0078] A p-side pad electrode 4 made of gold is fomied, in view of the layering direction of the light emitting device, 
at a corner opposite to the n-side electrode 3 on the common diagonal line. Within the first electrode 1 , 150 pieces of 
40 the openings 5 are formed across approximately the whole area, each opening 5 being shaped in an approximate 
rectangular with one side of 5 |xm. 

[0079] In the light emitting device as described above, the sum L of the inner peripheries of the exposed openings: 
5 is 3,000 p.m, the exposed area S surrounded by the most outer periphery of the first electrode 1 is 46,000 ^jn^, and 
these ratio US is 0.065. In addition, the open area ratio that is a ratio between the gross area of the exposed openings 
45 5 and the exposed area S is 6.25%. An electric power conversion efficiency was about 16.9% with Vf of 3.4 V and the 
ehnisslon output of 11.5 mW at a current value of 20 mA. In this manner, the emission output can be Increased by 
forming a plurality of the openings 5 on the first electrode 1 . 

[Embodiment 8] 

50 

[0080] In the light emitting device according to Embodiment 7, 600 pieces of the openings 5 are formed across 
approximately the whole area within the first electrode 1 , each opening 5 being shaped in an approximate rectangular 
with one side of 2.5 am. 

[0081] In the light emitting device as described above, the sum L of the inner peripheries of the exposed openings 
55 5 is 6,000 Ltm, the exposed area S surrounded by the most outer periphery of the first electrode 1 is 46,000 xxm^, and 
these ratio US is 0.13. In addition, the open area ratio that is a ratio between the gross area of the exposed openings 
5 and the exposed area S is 6.25%. An electric power conversion efficiency was about 17.4% with Vf of 3.4 V and the 
emission output of 1 2 mW at a current value of 20 mA. In this manner, the emission output can be increased by forming 
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a plurality of the openings 5 on the first electrode 1 . 
[Embodinnent 9] 

s [0082] In the light emitting device according to Embodinnent 1 , as shown In Figs. 9A to 9B, on the sennlconductor 
layer 104 having the p-type conductivity, formed are the first electrode 1 Including silver and the second electrode 2 
excluding silver, so that the second electrode 2 surrounds the outside of the first electrode 1 . 

[0083] A p-side pad electrode 4 made of gold is fomried, in view of the layering direction of the light emitting device, 
at a corner opposite to the n-side electrode 3 on the common diagonal line. The first electrode 1 , as shown in Fig. 9A 
10 or Fig. 9B, is formed In a stripe. By adopting such a stripe electrode structure, the electric current to be supplied from 
the p-slde pad electrode 4 to the semiconductor layer 104 can be uniformed within the face and the light emission 
efficiency is improved. 

[0084] A stripe gap of the first electrode 1 is fonned as the opening 5 at which the semiconductor layer 1 04 is exposed, 
so that the electrode edge length is increased remarkably, resulting in the improved efficiency for extracting the light. 
IS In this case, It is preferable that US > 0.024 \im /\Lm^ is established, where a gross area Sa of a plurality of opening 
portions 5 at which the semiconductor layer 104 is exposed, an area Sb of no-opening electrode portion at which the 
semiconductor layer 104 is not exposed, and the sum S of Sa and Sb, and the sum L of the Inner peripheries of all the 
opening portions 5. 

[0085] In the light emitting device as described above, an electric power conversion efficiency was about 1 4.3% with 
20 Vj of 3.5 V and the emission output of 1 0 mW at a current value of 20 mA. 

INDUSTRIAL APPLICABILITY 

[0086] As described above, according to the present invention, in a semiconductor device wherein at least a first 
25 conductivity type semiconductor layer and a second conductivity type semiconductor layer, the second conductivity 
type being different from the first conductivity type, are sequentially layered on a substrate, and electrodes are fonned 
on both surfaces of the first conductivity type semiconductor layer and the second conductivity type semiconductor 
layer; and a first electrode including at least silver and a second electrode excluding silver are formed on the surface 
of the second conductivity type semiconductor layer, respectively, and the second electrode surrounds the whole pe- 
30 riphery of the first electrode. According to such a structure, it is possible to obtain the device having a good efficiency 
for extracting the light and a high reliability without short circuit. 

[0087] In addition, since the first electrode has an opening at which the second conductivity type semiconductor layer 
is exposed, inside from the outline of the first electrode, it is possible to obtain the device having the lowered Vf. 

35 

Claims 

1 . A semiconductor device wherein at least a first conductivity type semiconductor layer and a second conductivity 
type semiconductor layer, the second conductivity type being different from the first conductivity type, are sequen- 
40 tially layered on a substrate, and an electrode is formed on a surface of the second conductivity type semiconductor 

layer; and 

a first electrode including at least silver and a second electrode excluding silver are formed on the surface 
of the second conductivity type semiconductor layer, respectively. 

4^ 2. The semiconductor device according to claim 1 , wherein the first electrode comprises a layer composed of silver, 
sliver-nickel alloy, silver-palladium alloy, silver-rhodium alloy, or silver-platinum alloy. 

3. The semiconductor device according to claim 1 or 2, wherein the second electrode is formed on the surface of the 
second conductivity type semiconductor layer so as to surround a periphery of the first electrode. 

so 

4. The semiconductor device according to any one of claims 1 to 3, wherein an electric potential barrier at a contact 
portion between the first electrode and the second conductivity type semiconductor layer is smaller than an electric 
potential barrier at the contact portion between the second electrode and the second conductivity type semicon- 
ductor layer. 

55 

5. The semiconductor device according to any one of claims 1 to 3, wherein an ohmic property at the contact portion 

between the first electrode and the second conductivity type semiconductor layer is more excellent than an ohmic 
property at the contact portion between the second electrode and the second conductivity type semiconductor layer. 
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6. The semiconductor device according to any one of claims 1 to 5, wherein the first electrode contains at least one 
annong rhodium, palladium, nickel, and platinum. 

7. The semiconductor device according to any one of claims 1 to 6, wherein the second electrode is set at an electric 
potential equal to or higher than that of the first electrode. 

8. The semiconductor device according to claim 7, wherein the second electrode partially contacts with the first elec- 
trode on the surface of the second conductivity type semiconductor layer. 

9. The semiconductor device according to claim 8, wherein a pad electrode for leading out is formed so as to contact 
with both of the first and second electrodes. 

10. The semiconductor device according to any one of claims 1 to 9, wherein the surface of the second conductivity 
type semiconductor layer has an area in which no electrode is formed, between an area in which the first electrode 
is formed and an area in which the second electrode is formed. 

11. The semiconductor device according to claim 10, wherein the area in which no electrode isfonned is provided so 
that the shortest distance between the first electrode and the second electrode becomes not less than 0.5 ^m. 

1 2. The semiconductor device according to any one of claims 1 to 1 1 , wherein the first electrode has an opening portion 
in the Inside from the outline of the first electrode, and the second conductivity type semiconductor layer is exposed 

at the opening portion. 

13. The semiconductor device according to any one of claims 1 to 12, wherein the semiconductor device is a light 
emitting device, and in a light emitting area on the surface of the second conductivity type semiconductor layer, a 
light emission intensity at the periphery of the first electrode is stronger than that at the remaining light emitting 
area except for the periphery of the first electrode. 

14. The semiconductor device according to claim 12 or 13, wherein, at the first electrode, US > 0,024 \im /\im^ is 
established, where a gross area Sa of a plurality of opening portions at which the second conductivity type sem- 
iconductor layer is exposed, an area Sb of no-opening portion at which the second conductivity type semiconductor 
layer is not exposed, and the sum S of Sa and Sb, and the sum L of the inner peripheries of all the opening portion. 

15. The semiconductor device according to claim 14, wherein each opening portion has substantially the same form 
or substantially the same area. 

16. The semiconductor device according to any one of claims 1 to 15, wherein each of the semiconductor layer is 
formed of nitride semiconductor containing at least gallium. 

17. Thesemiconductordevlce according to any one of claims 1 to 16, wherein the first conductivity type semiconductor 
layer is exposed by partial etching of the second conductivity type semiconductor layer, and on the surface where 
the first conductivity type semiconductor layer is exposed, a third electrode Is formed. 

18. The semiconductor device according to any one of claims 1 to 17, wherein the first conductivity type semiconductor 
layer Is an n-type semiconductor layer, and the second conductivity type semiconductor layer is a p-type semicon- 
ductor layer. 
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Fig. 4 
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Fig. 6 
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Fig. 8B 
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Fig. 9A 



Fig. 9B 
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